Torreya (T. grandis 'Merrillii') is a rare cash crop tree endemic to Kuaiji mountains of southern China. The present research demonstrated the use of spatial information in object-based classification for improving the identification of Torreya from IKONOS images. Pixel-based and object-based classifications on a combination of spectral and textural features were implemented and their accuracies were compared. The object-based classification proved more accurate than the pixel-based classification. The overall classification accuracy and Kappa coefficients were 75.7% and 0.676 for the pixel-based classification; 81.7% and 0.746 for the object-based classification. The overall results demonstrate that object-based classification of very high resolution satellite images using additional features is a practical tool for vegetation mapping in the study area.
1.Introduction
Chinese torreya (T. grandis 'Merrillii') is a rare cash crop tree endemic to southern China [1] . Knowledge of its spatial distribution in the natural niches is required for proper management and conservation. Traditional field survey can, however, be very time consuming and confined to local areas. In addition, the accuracy of the maps varies with the skill and experience of the researchers. The development of RS and GIS are being examined as tools for efficient vegetation mapping [2] . To date, however, most remote sensing attempts have employed Landsat or SPOT data. Endemic plants such as Torreya are often mixed together in a complicated mosaic pattern, and these medium resolution data are insufficient for vegetation mapping at 1/10,000 or finer scale. Recently, however, very high resolution satellite data, such as IKONOS, have become widely available, and have increased expectations for enhanced discrimination of cover types [3] . However, there are two main features related to IKONOS imagery: lack of spectral information (4 spectral bands) and high spectral variability. This results in problems in terms of class information extraction especially using pixel-based image classification methods. Texture is an important characteristic for the analysis of many types of remote sensing images [4] . In addition to spectral features, however, IKONOS also provides 1m resolution panchromatic images, which enable classification using texture patterns. Wikantika (2006) and Blaschke (2010) have reported that a gain in classification accuracy can be obtained by using a combination of both spectral and textural features [5, 6] . In this research, the practicality of Torreya mapping by object-based classification using IKONOS very high resolution remote sensing data was examined using a combination of spectral and textural features and compared with conventional pixel-based supervised classification method.
Materials and methods

Study area
The study area-Zhaojia town (121°29 E, 29°40 N) is among the most important native habitats of Chinese torreya in the world. About 28,000 ancient Chinese torreya trees (ca.200 ~ 600 years old) survive in this region. The local climate is characterized as subtropical monsoon with long periods of humid, warm weather. The average annual temperature is 15.6 and the average annual rainfall is 1320 mm. The present study dominated by Torreya, conifer, and mixed deciduous/conifer forest, along with shrubs, herbaceous vegetation, bare land and built-up areas [1] .
Data and Methods
Ikonos images and preprocessing
Remotely sensed data used in this study were obtained from a high-spatial resolution IKONOS image captured in December 1999 (Fig. 1 ). Reference data obtained were assembled in December 2008. Because Torreya trees in the sampled area have already been present for several centuries and have reached a mature stage without obvious change in appearance (Han and Wang, 2006) , the imagery acquired in 1999 should be representative for identifying Torreya. The multi-spectral and panchromatic imagery were geometrically corrected using Digital Orthophoto Map of 1:10 000 scale and Digital Elevation Model (DEM) extracted from stereo photogrammetry with the pixel size of 10 m. The total RMS error was less than 0.5 pixels, which was computed using 10 independent ground control points. Multi-spectral and panchromatic images were fused using the Pan-sharpening method. After image fusion, multi-spectral imagery with a spatial resolution of 1 m was obtained. 
Object-based classification method
The composition of land use in the study area included Torreya, mixed deciduous/conifer, shrubs, herbaceous vegetation, bare land and shadow. The study area was divided into four categories including Torreya, other vegetation, non-vegetation and shadow. The object-based classification employed eCognition software (Definiens). Initial segmentation was a multi-resolution, bottom-up system based on the method of Baatz and Schape [7] . In object-based classification, object size, shape and other parameters can be adjusted to fit the needs of the research.
feature space generation
The study area was divided by segmentation processing. Spectral features including mean of band 1 and NDVI standard deviation of band 1, 2 and 4 were used in the classification. GLCM (grey level cooccurrence matrix) was used to calculate textural information. Five textural measures, i.e., variance, homogeneity, contrast, dissimilarity and entropy were applied based on GLCM [4, 8, 9] .
Results and discussion
optimum parameter selection and image segmentation
Three key hierarchical scale levels were identified. A first level was used to stratify the vegetation, non-vegetation and shadow areas, a second and third more detailed level, was created to map Torreya communities from the vegetation-dominated strata and shadow area respectively. The optimum segmentation parameters showed in Table 1 using a systematic trial and error approach validated by the visual inspection of the quality of the output image objects. 
Comparison of Object-based and Pixel-based Classification and accuracy assessment
A total of 216 random points was used for assessing the accuracy of classification results by considering different combinations of input bands and features. The image results generated by the two classification methods using additional features and the classification accuracy of those results are shown in table 2 and 3. In terms of overall classification accuracy, the object-based results (81.67%) scored higher than the supervised classification (75.67%). In terms of overall Kappa coefficients as well, objectbased (0.746) outscored supervised classification (0.676). In terms of Torreya classification results, there were significant differences between these two methods. Due to similarity of spectral features between Torreya and other vegetations, some Torreya trees were mistakenly classified as other vegetations using supervised classification method and its classification accuracy was only 58.67%; however, combining with additional texture feature such as shape and color, the Torreya classification accuracy increased to 74.32% when using object-base classification method. These results showed that for Torreya mapping some increase in accuracy and Kappa coefficients can be attained by incorporating textural features and object-based classification.
Some problems remained with misclassification in this study area, for example, continuous distribution of Torreya patches can usually be extracted successfully. However, complex terrain and rich diversity of vegetation causing some of other vegetation patches with similar texture of Torreya to be mistakenly classified as Torreya communities. In addition, few scattered Torreya with open canopies and irregular crowns was easily be mistaken into non-vegetation patches.
Conclusion
This paper presents the development of a framework for combining spatial information with spectral images for object-based classification. In the pixel-based classifications, high spatial resolution caused frequent misclassification, and the problem was compounded by intermingling and the different shapes of the canopy trees. The small size of the patches, combined with the effect of shadows, also make identification of homogenous communities difficult. With the object-based classification, grouping pixels into image objects could overcome the so called 'salt and pepper effect' [10] . Classification accuracy was improved, and comparatively homogeneous plant communities were abstracted. The results of this research show that object-based classification is more accurate and useful than pixel-based for generation of vegetation maps. This sort of high resolution remote sensing data shows a high potential for practical use in generating the vegetation maps required for proper conservation and management of endemic plants.
